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Influence of rotating magnetic field on evolution of
phase structure evolution in high-silicon aluminum alloys
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Abstract: The influence of excitation current and rotational frequency on the solidification microstructure of high-silicon
aluminum alloys was studied. The morphology evolution of Si and other intermetallic compounds was analyzed by using
high speed camera, SEM and EDS. The results show that the rotating magnetic field(RMF) can suppress the
macrosegregation in solidified high-silicon aluminum alloys, refine the primary Si particles and finally provide a
eutectic-like structure. The morphology of primary Si phase changes from long rod to block, and then to large block
clusters when both the excitation current and rotational frequency of RMF increase, meanwhile, the eutectic Si phase
changes from long needle to wormlike particles, and then to needlelike particles. Moreover, RMF can improve the
morphologies of Al,Cu and Al-Si-Fe phases, and the refined Al,Cu and Al-Si-Fe phases are attached around Si phase,
which further refines the microstructure of the high-silicon aluminum alloys.
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Table 1 Chemical composition of high-silicon aluminum alloy (mass fraction, %)

Value Si Fe Cu Mg Ni Zn Ti
Calculated 19-21 0.6-1 3-5 <0.5 0.45-0.65 <0.1 <13 <0.2
Measured 20.03 0.65 3.08 0.18 0.53 0.05 0.23 0.04
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Fig. 1 Scheme of rotating magnetic field workstation: 1—
Rotating magnetic field; 2—Water-cooling pipe; 3—Resistance
furnace; 4— Stainless steel base; 5—Graphite gasket; 6—
Ceramic tube; 7 — Specimen; 8 — Ceramic cover; 9 —
Thermocouple; 10 — Temperature-controlled device; 11 —

Heating connecting wires
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Fig. 2 Solidification microstructures of high-silicon aluminum alloys under conventional condition (al, a2, a3) and RMF condition
of 30 Hz and 40 A (b1, b2, b3): (al, bl) Top; (a2, b2) Middle; (a3, b3) Bottom
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Fig. 3 Metallographs of high-silicon aluminum alloys under
different excitation currents with rotational frequency
maintaining at 10 Hz: (a) 20 A; (b) 40 A; (c) 60 A
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Fig. 4 Metallographs of high-silicon aluminum alloys under
different excitation currents with rotational frequency

maintaining at 50 Hz: (a) 20 A; (b) 40 A; (c) 60 A
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Fig. 5 Metallographs of high-silicon aluminum alloys under different rotational frequencies with excitation current intensity

maintaining at 40 A: (a) 5 Hz; (b) 10 Hz; (¢) 30 Hz; (d) 50 Hz
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Fig. 6 SEM images ((a), (b)) of Al,Cu eutectic phase for high-silicon aluminum alloys with and without RMF and EDS results ((a"),
(b)) of Al,Cu eutectic phase: (a), (a’) Without RMF; (b), (b') RMF condition of 30 Hz and 40 A
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Fig. 7 SEM images of Si phase and Al,Cu eutectic phase with and without RMF: (a) Without RMF; (b) RMF condition of 40 A
and 30 Hz, Al,Cu eutectic phase attaching at sharp corner of Si phase; (c) RMF condition of 40 A and 30 Hz, Al,Cu eutectic phase
attaching to side of Si phase; (d) RMF condition of 40 A and 30 Hz, Al,Cu eutectic phase attaching coating around Si phase
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Fig. 8 SEM images ((a), (b)) of Al-Si-Fe eutectic phase for high-silicon aluminum alloys with and without RMF and EDS results ((2"),
(b)) of Al-Si-Fe eutectic phase: (a), (a") Conventional condition; (b), (b") RMF condition of 30 Hz and 40 A
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Fig. 9 SEM images of Si phase and Al-Si-Fe phase with and without RMF: (a) Without RMF; (b) With RMF of 40 A and 30 Hz
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